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The following report provides basic information on the hydropower potential at sites
in Maine without existing dams. Although previous studies have been performed to
determine the potential for hydropower development at existing and former dams in Maine,
until now no analysis of the raw hydropower potential based on topographic and hydrologic
conditions has been available. We feel that this level of analysis is necessary to fill the
gap in our knowledge of indigenous hydropower potential. Individually the sites identified
in this report do not provide a substantial amount of power but viewed as a group they
have potential to contribute significantly to Maine's diverse energy mix.
Our purpose in performing this study was to prepare data which will be useful in
the future should market conditions change making hydropower a more attractive and
economic development option. This study provides us with a more complete picture of the
indigenous hydropower potential that exists in Maine at sites which are not precluded from
development by state or federal law.
This study increases our knowledge of indigenous energy resources and will assist
developers in recognizing potential sites for hydropower development. The study, however,
demonstrates feasibility primarily from an engineering standpoint. The environmental
impacts and economic considerations of each of the suggested sites must be assessed on a
case-by-case basis and in a much more detailed and complete manner. This report makes
no representation as to which hydropower projects may succeed in balancing renewable
energy and significant natural resource values.
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PURPOSE OF STUDY

Maine is unique by virtue of its rich endowment in river resources. Even in its
early years of settlement, Maine's rivers had a great impact on the State's development and
they have continued to make a significant contribution in the 20th Century. Available
PURPA* benefits and a period of rapid growth in Maine stimulated an unprecedented
increase in small privately-owned domestic energy plants during the early 1980's. These
projects included: hydropower, biomass and cogeneration plants whose early 1980's sales
contracts with the utilities were cost-effective ·and remain desirable in today's markets.
However, low oil prices, correspondingly low avoided-cost rates and changes in the Federal
Power Act have made many previously attractive hydropower ventures no longer
economically feasible. As a result, interest in the development of renewable and alternative
energy sources, including hydropower, has diminished.
However, the historic unreliability of oil producers, the ever-present health risks that
accompany thermal power and the recent revelation that waste discharges into the
atmosphere have caused an earth-warming trend may create a future need for renewable
energy alternatives, such as hydropower.
The purpose of this report is to genera:"" a base of information on the potential for
hydropower development that may become useful in the future should conditions change
making development of hydropower an attractive venture once again.
Individually the potential projects cited in this report may not have a sigp.ificant
impact on the energy scenario in Maine, but viewed as a group they yield a substantial
amount of power. This power is non-thermal, clean, renewable, and inflation-resistant and
hence may become very attractive compared to most other power sources.

*PURPA: Public Utility Regulatory Policy Act -- An amendment to the Federal Power Act
passed in 1978 which required public utilities to purchase electricity from small power
producers.
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EXECUTIVE SUMMARY

Based on the ·analysis performed in Phase I and IT of this study, Maine has at least
28 megawatts (combined capacities of Groups I and IT) of feasible undeveloped
hydroelectric potential on its small rivers and streams. Given purchase power rates in the
$.06 to $.08/kwh range, these sites would be financially feasible to build in 1989. In
addition, many Group III sites would be feasible if the electricity rates for small power
contracts increase above the $.06/kwh figure used in this study.
Development of Groups I and IT for hydropower could be in the best interest of the
people of Maine under the following assumptions:
1)

Indigenous, inflation-resistant renewable power production is preferred to dependence
on finite foreign fuel supplies.

2)

Many small power plants provide cumulative reliability through diversity and risk
reduction in comparison to large centralized power production.

3)

In contrast to thermal-electric plants, hydroelectric power production does not
contribute to cit"lospheric pollution.

4)

Although the capital costs of developing hydropower plants are significant, the fuel
is free and renewable.

5)

Hydropower can provide an appropriate power supply base to Maine's rapidly
growing mountain-based recreational industry. By locating power supply near load
centers, transmission costs can be significantly reduced.

The location map for this study (Appendix C) displays a cluster of small potential
hydro sites distributed in a general pattern along the central chain of the Maine
Appalachian Mountains from Southwest to Northeast. This mountainous region of western
Maine continues to see development by the recreational ski industry. The ski industry is a
significant consumer of electricity for snowmaking, chairlifts and central heating of related
facilities. These ski area facilities require megawatts of utility power purchased during the
period of the year that already has the highest electrical demand. A source of power in
close proximity to the demand would be desirable. The mountain streams that are
abundant around skiing developments could provide that source of power. Development of
these high-head mountain sites could reduce electrical transmission line losses and provide
an additional benefit from creation of storage ponds and lakes that could contribute to the
scenic attributes of these areas and also provide snowmaking water supplies.
Appendix A shows a projected levelized rate of $0.0771/kwh for a fifteen-year CMP
power purchase contract starting on July 1, 1992. As this study was underway new
projections by CMP that indicate a precipitous drop in future avoided costs have been
predicted. This figure is constantly changing. The author of this study used a figure of
$0.060/kwh to be on the conservative side.
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The most compelling reasons for encouraging development of the 28 mw of small
hydropower identified in Groups I and II are that this indigenous power would provide a
safe, non-polluting and inflation resistant means of electricity production. The best
interests of Maine's people should be the rationale behind development of power which
does not pose a health risk to the general public, as do many other energy sources.
However, the real benefit for the people of the state in developing these hydropower
sites is the cumulative available energy from having them on line. Small hydropower sites
in the aggregate are more reliable than a large single site with the same total capacity.
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SITE IDENTIFICATION PROCEDURES
This study focuses on finding potential hydropower sites of approximately 50 kw to
1000 kw in capacity. It was assumed that most sites with potential of greater than 1000
kw had already been identified and developed, but that if large new sites were found they
would be included in the analysis process. Eight sites of over one megawatt were
identified and listed. Several sites with capacities of less than 50 kw were also considered.
These potential small hydro sites were identified by examining all the USGS
topographic maps for the state. About 1/3 of the state has been mapped at 7.5 minutes of
longitude and latitude per sheet, with the remainder of the maps at 15 minutes. The more
accurate 7.5 minute maps were used where available.
Potential hydroelectric sites were found on these maps by following all the river and
stream segments and their tributaries upstream to their sources and locating grades of over
3% along these segments with at least 25 feet of vertical drop. Additionally, the
watersheds above these steep segments must be large enough to produce the average flows
necessary to establish a site with 50 kilowatts of hydroelectric capacity. At 25 feet of
head the minimum drainage area needed for a 50 kw plant is approximately 20 square
miles. As head increases this required watershed area would decrease proportionally. For
example, a site with 800 feet of head need only have a drainage area of about 2/3 of a
square mile to make 50 kilowatts. Operating hydropower projects offer examples that were
used to establish the 3% grade criteria. Also, many sites with graqes of over 3% were not
included in the study because they presented overriding site condition problems.
Another criteria used for including a potential site in this study is that it be feasible
to construct for $2,500 per kilowatt of capacity or less. Cost estimates on some sites went
above the $2,500/kilowatt figure when they were analyzed in greater detail later in the
study.

LIMITATIONS OF THE STUDY
The accuracy of the study is contingent upon the accuracy of the maps. The
constraints posed by not visiting each of the 202 sites limit this study to a "paper
analysis." Therefore, the results may be inexact and are subject to further evaluation on a
case-by-case basis. The reliability of the power and energy numbers derived from these
contour maps is contingent upon the head of the site under consideration. Since most of
the maps have a contour interval of 20 feet, sites with heads in this range are difficult to
identify and impossible to locate accurately, while sites with heads of over 100 feet can be
analyzed from the maps with more precision. As a result, many low-head sites of 25 feet
or less are not included in this study even though they may be feasible to construct. Most
of the unspecified low-head potential occurs at existing dams. The most attractive of these
sites with existing dams have been examined previously with the best of them put into
operation under the Public Utility Regulatory Policy Act. Inclusion of these low-head sites
was outside the scope of this report. This study does not include all the feasible high-head
sites in the state either. The purpose of the study was to produce a rough estimate of
which rivers and streams have an appropriate combination of slope, head and watershed to
constitute a feasible hydropower project. Alternative engineering and design scenarios for
4

some of the identified sites may produce more power than shown in this study or make
more efficient use of the available water. The author underestimated in most cases to be
on the conservative side. Identification of pumped storage projects was, also, outside the
scope of this study. This method of peak power production is well-suited for Maine which
has so many rivers and lakes in close proximity yet at different elevations.
It is not within the scope of this study to consider the environmental impacts of the
sites suggested. It is primarily an engineering analysis and provides raw data for sites with
hydropower potential. The environmental impacts of developing any of these potential sites
must be analyzed on a case-by-case basis. Sites on river stretches protected by the Maine
Rivers Act or by other State or Federal laws have also not been considered in this
analysis.* Nevertheless, an attempt was made to impute a very rough environmental
assessment to each of the sites and use this assessment to evaluate the overall attractiveness
for development of each site. Clearly, this is meant only as a guide and should not be
construed as representing the result of an evaluation of the environmental impacts of
hydropower development.
'

Finally, one further limitation of this study is the level of economic analysis
performed. The payback figures represent a simple reconnaissance-level financial analysis,
not a complete economic analysis based on return on the investment.

*While twelve sites within Baxter State Park, Acadia National Park and on the Allagash
Wilderness Waterway have potential for hydropower development and have been identified
on the "maps," they are not included in this anaysis because their hydro potential is
unlikely ever to be realized.
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Net H:

Net Head equals Top elevation minus Btm elevation minus Loss of Head.
(Net H =Top - Btm- Lh)

Electrical capacity of plant in kilowatts. (Cap = Net H x Design Q x
.75/11.8) (.75 is the overall efficiency of the equipment.
produce a result in kilowatts)

11.8 is a factor to

Estimated Storage Potential from the USGS maps assuming 2' of
drawdown. This may be from proposed reservoirs or existing lakes and
ponds.

Plant Factor, a function of capacity, storage potential and design flow.
Plant factor is defined as the ratio of the average annual energy actually
generated by the plant to the energy which could potentially be generated if
the plant operated at full capacity ~he entire year. (Actual/Potential)
Energy:

Yearly energy output from each site. This equals the Plant Factor times the
capacity times 87 60 hrs/year.

R:

River

Bk or Br:

Brook

.S.:

Stream

Pd:

Pond
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PHASE II: ECONOMIC ANALYSIS
SPREADSHEET B -- ECONOMIC FEASffiiLITY ANALYSIS
An Explanation of Phase II, Spreadsheet B Terms and their Derivations (see Appendix B
for more detail)
Site number, name, town, location, and capacity are taken directly from the Phase I
spreadsheets.
Phase:

Number of phases, either 1 or 3, in the closest electrical utility line.
Generally 3-phase lines serve high demand electric customers or those in
more developed areas. They are also used to transmit electricity over long
distances. Single phase lines are mostly located at the end of the electrical
circuit and serve rural, low demand customers.

Energy:

Kilowatt hours/year generated for the project. If the site is interconnected
with a 3-phase line a 5% increase in yearly energy output is included
because of the inherently higher efficiency of the equipment involved.

Gr. Income:

Levelized annual gross income based on Table 2 of CMP's December 4,
1987 Request for Proposals for a 15-year contract with an initial date of
delivery of July 1. 1992. 77.82% of the 87 C decrement avoided cost rates
have been used in this study. (Price per kw/hr = $0.0600. See Appendix A.)

Dev. cost:

Development cost of the project including utility interconnection but not
including transmission lines. This column was generated to reflect the
assumption that new transmission lines may be paid for by non-hydro-related
developments.
Projects with penstocks of up to 30" in diameter have been priced using
1988 costs for PVC pipe. The development of PVC pipe with its low cost
and long service life has now made many small high head projects with long
penstocks economically feasible.
Projects requiring penstocks of over 30" have been estimated using 1988
steel pipe or steel plate plus fabrication prices. Development cost is the total
of the penstock cost plus the following which include installation and
construction costs:
Intake structures -Electrical equipment -Mechanical equipment -Powerhouses -Engineering, Legal -Miscellaneous --
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$200/kw of capacity
$150/kw of capacity
$300/kw of capacity
$1 00/kw of capacity
$1 00/kw of capacity
$ 50/kw of capacity

Trans D:

Transmission distance to the closest utility line was obtained from utility
company records or directly from field measurements. Distances marked
with a " in this column are to the next closest proposed hydro project to be
interconnected. If only one of these clustered sites is built then the cost of
the whole transmission line must be assigned to that site.

Trans Cst:

Transmission Cost based on $15,000/mile for single phase, and $20,000/mile
for 3-phase.

Total Dev
Cost:

Total Development Cost

= Development Cost plus

Transmission Cost

Est Net Inc: Estimated Net Income = Gross Income minus operations and maintenance
(30% of Gross Income).
PB 1:

Payback 1 in years on the capital investment not including the cost of the
transmission line (Dev Cost/Est Net Inc).

PB2:

Payback 2 in years on the total capital investment, including cost of the
transmission line (Total Dev Cost/Est Net Inc).
NOTE: Both of these payback figures represent a reconnaissance level
financial analysis not a complete economic analysis based on return on the
investment.

Prel. Rank:

Preliminary Rank in order from best payback 2 to worst payback 2, not
considering environmental factors.

Env. Factor: Environmental factor. In an attempt to quantify the adverse impact that
these projects might have on the environment, each project was assigned a
coefficient ranging from 1.0 to 2.0 ( 1.0, 1.1, 1.2,... 2.0). The coefficient
factor assigned to each site is an educated guess based on the data available
through the interpolation of USGS topographical maps, subjective judgement
and the author's personal knowledge of the site. The environmental factor
multiplied by PB2 yields a weighted payback for each site which is used to
determine a final order of rank for the selected 202 sites. The ranking
system is based on the premise that the shorter the payback period the more
promising the site. The constraints posed by not visiting each of the 202
sites limit this study to a "paper analysis" and therefore its precision is
subject to further evaluation. On-site inspection and field evaluation of many
of these sites may reveal conditions that would affect its score significantly
or may completely eliminate a project from consideration for development.
By addressing the environmental impacts, albeit in this inexact manner, a
context for establishing site comparison is provided.
It should be noted that developing some of these sites may actually improve
local environmental conditions by providing flood control benefits,
recreational opportunities and .enhanced fish and wildlife habitat. These
potential benefits have not been factored into the study for two reasons. The
lack of sufficient field-tested data to identify these local benefits is a limiting
14

factor. In addition the author is reticent to place emphasis on the
environmental benefits of hydropower due to a public perception that
"changes in the environment caused by hydropower are inherently adverse."
This is not always the case, but rather than provide a forum for public
debate on this issue the author prefers to be conservative and let this
consideration be absent from the equation. Suffice it to say that the
environmental factors used in this study have the effect of reducing
development potential even though many site locations may benefit from
development.
PB2E:

Payback with environmental factor used for determining final ranking order
of sites.

Final Rank:

Order of rank according to Payback (sorting PB2E).
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SPREADSHEET C -- GROUPING OF SITES ACCORDING TO FEASIDILITY
An Explanation Spreadsheet C Terms and their Derivations
Spreadsheet C separates the 202 sites into three groups according to payback:

Group I -- sites have paybacks of 10 years or less
Group II -- sites have paybacks of more than 10 years but less than 12.5 years
Group Ill -- sites have paybacks of 12.5 years and more
Group I
Those sites with the shortest payback and fewest drawbacks to development. The
59 sites in Group I have a total installed capacity of 13,324 kw.
Three sites in Group I are over 1 megawatt of installed capacity:
#112 Alder Stream
#129 Pierce Pond Stream
#131 Austin Stream

T2 R5
T1 R3
Mosco\\<

1096 kw
1007 kw
1137 kw

There are 19 Group I sites below 100 kw of installed capacity.
The Group I sites all have Total Development payback periods of 10 years or less,
and installation cost of less than $2000/kw of capacity. The highest environmental factor
assigned to a Group I site is 1.8 for Pierce Pond Stream because of the long penstock and
2 foot drawdown of Pierce Pond. The drawdown represents storage volume and the
penstock length was designed to capture as much head as possible resulting in a site with a
megawatt of capacity and a plant factor of 71%.
While all of these sites appear to be good investment opportunities, they will still
require environmental studies, lengthy license application periods, significant lease fees or
percentages paid to the site owner, and a power purchase contract with the utility that is
comparable in price to that used in this study. Any one of these items could prove to be
a serious obstacle to the development of a successful hydropower project.
Of the 59 Group I sites, 40 use some degree of storage from existing or proposed
reservoirs. The magnitude of the impact from periodically drawing down these ponds and
lakes and inundating new land must be identified and justified for regulatory permits and
lake owner acceptance if a hydro site is to be built. This is not an easy task even for a
small 100 kw project.

Group II
These 68 sites have at least one significant negative aspect that may prevent
development even though all the sites in this group have paybacks of less than 12.5 years.
The total installed capacity for sites in Group IT is 14,7 60 kw.

22

Three sites in this group are over a megawatt:
#108 Cupsuptic River
T4 R4
#138 W Branch Piscataquis River Blanchard
#154 Moxie Falls
Moxie Gore

1105 kw
1088 kw
1548 kw

There are 27 Group II sites below 100 kw of installed capacity.
The deficiencies found in the Group II sites range from slower payback to
environmental constraints. Some sites have been assigned to this group because they use
lakes with large numbers of shoreline camps, which would make it difficult to achieve a
good hydro water level fluctuation plan.
Moxie Falls has been assigned the highest environmental factor possible, however,
because of its outstanding hydro potential (PB2 = 5.0 years) this site is classified in Group
II.
The spreadsheets show 17 Group II sites with storage potential. A number of these
involve making new impoundments. Some of them are:
#11 Sanborn Rivc.:#6 Cathance River
#108 Cupsuptic River

Willis Mill
Topsham
T4 R4

61 kw
262 kw
1105 kw

These impoundments are generally in areas of higher public interest than the
reservoirs in Group I. For example, the Cathance project is adjacent to major highways
and populated areas. The proposed lake would flood land that partially floods every spring
anyway, but obtaining the permits to undertake this project could be more difficult because
of its high public visibility.
The Cupsuptic project would form a lake over 300 acres in size in an area rich in
wildlife. The location of this project is remote, about 5 miles west of the currently
operating hydro dams on the Kennebago River. The cost of transmission lines and the
environmental factor caused this project's payback period to jump from 6.7 years to 12.0
years.
Several other smaller projects in this group have site conditions similar to
Cupsuptic. Others like #114 Lower Cascade Stream near Rangeley are currently being
used for town water supply. If towns change from surface water supplies to deep wells, as
is the trend, then these otherwise excellent sites could be candidates for development
provided the utility power purchase price improves.

Group Ill
These 75 sites have more than one significant drawback to development and have
paybacks of over 12.5 years. The total installed capacity of sites in this group is 11,478
kw. This figure does not include the more than 90 megawatts at Rumford, site #64, which
has potential primarily as a flood control project.

23

One site. in Group III is over a megawatt and three others come close but fall
within the designated range under 1000 kw:
#126
#42
#184
#107

Sandy Stream
Dunn Falls
Wassataquoik Stream
Magalloway River

Highland Pit
Andover N.S.
T3 R7
T5 R4

830 kw
1080 kw
950 kw
843 kw

There are 49 sites in Group III with under 100 kw of installed capacity.
These sites have multiple drawbacks to development. Most suffer from long
payback periods due to the topography of the sites which demands long, expensive
penstocks relative to the available head. Sites #27, #52, #83, #88, and #118 are examples
of sites which require 10,000 foot pipes or more and have significantly less head when
compared with Group I sites with the same pipe lengths. Generally a penstock slope of
less than 4% places a site in Group III if that site also has a long transmission line or
obvious environmental constraints such as qualifying as .a unique natural feature or if it
requires a major water diversion like site #42, Dunn Falls.
Looking at Dunn Falls from strictly an engineering point of view, one possible
project cnnfiguration would be to divert most of the flow in the Swift/Cambridge River
over Dunn Notch into the Ellis River Basin. A lake covering a few hundred acres would
be created in Grafton which would be high enough to flow into a penstock near Dunn
Falls. Technically this scenario would work well giving this site a preliminary rank of 73,
but because of the environmental concern raised by the diversion, its final rank is 154.
Most Group III sites have the same inherent difficulties as Group I and Group II
plus the added problems of distance from utility lines, flatter penstock grades, and greater
environmental constraints. However, some of the Group III sites have been classified in
this less attractive group because of one very significant problem. Sites #107 (Magalloway
River) #185 and #186 have very unique and special natural features.
As explained previously, this study is not suggesting that all of the sites identified
are appropriate for development due to possible environmental constraints. However, this
study provides raw data for sites with hydropower potential. This includes some sites
which are outstanding natural resources and contain rare natural features which could and
probably will never be developed. The user of this study is cautioned to be very selective
in the sites pursued for development.
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ENCLOSURE 1
December 4, 1987
Central Maine Power Company
Cogeneration/Small Power Production
Total Avoided Costs

APPENDIX A

[DECREMENT 87C]

page 1

Proposed
Annual Avoided Cost
(NON-LEVELIZED)
cents/kWh
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002
2003
2004

2005
2006

2007

2.60
2.35
2.54
2.54
4.48
6.306.51
6.74
6.32
6.61
9.34 1
9 .17 I
1·I

9.42

9.25
9.37
9.86
10.11
10.20
10.14
10.14
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Note:
Project ~ponsors may prefer to submit a percent (%) of Total Avoided
~: response to Part II, Section 4 (PRICE INDEX) of the RFP.
In such
~.:::,-:;::::, Ct=~ntral Maine requests that, for cnnsistency, these be based on a
p<2tce.r~t (%) of the Decrement 87C avoided cost figures shown above.
This
will clearly indicate to Central Maine the price the Project Sponsor·
proposes to receive, and Central Maine will normalize all PRICE INDEX
computations to the same basis for scoring and ranking purposes.
s~me

